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ib»  ester®  nation  of  Uw  reduction  potential  of  betracollua 
compounds . 

tr  D.  Jerenel  and  if.  Jfcefile. 


Bar.  d.  Jeutschen  Chea.  6s*.  ??!  591—601  (1944). 


.ccording  to  0.  Jakon  (1),»2.3*  3-tripbet^l-tet^mliua  ailorida^ 

(*-,  ~  *2  =  *  C^Hy)  is  important  as  &  stain  indicator  in  the 

2<?t*rs ination  of  brvr?  rUidliv*  *»*  cereal  ana  com  seeds.  The  colorless  j 

tetrasoliua  salt  is  hydrogenated  into  dark  red,  poorly  astor-solakls,  J 

£ir«st»hle^,rigi&enyl  fonsasan  fiir  5b  *  Sg  ~  Sj  =  C^o^-)  by  viable  garsLnalf  "  ^ 

tissue  4^K  il  soeatsa  pxoasisii^,  tfearafse*,  to  investigate  the  redaction  J  <- 

of  tetrasoliua  cocrDouada  poteniiosstricallyv  «  !  f — - 
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in  attsspt  to  establish  a  reaction-oxidation  potential  for  tbs 
syVea  tetrasoliaa  salt/ formsan  in  the  usual  sasaer  (3),  failed.  A 
reducticwal  process  vitij  an  irrevsrsible  coarse  is  involved  bare.  The 
experience  gained  in  the  prea&rfctlv©  troatseat  of  these  compounds  (4) 
had  revealed  the  following:  Tetrtsoiisga  fcS.lt a  cay  be  reduced  to  forsassas 
by  raisraerotta  redaetants  under  tbs  mat  diversified  conditions;  the  de¬ 
hydration  of  these  forsasans  to  tetr&tolisa  coKpourvds ,  on  the  other  hard, 
East  be  conducted  under  quite  particular  conditions  (*& th  lead  tetra¬ 
acetate,  aryLni  trite  or  ©srcuric  eodda  as  cnddiELog  agent). 

The  work  of  J.B.  Conant  (3)  and  L.F.  Fiessr  (6)  has  established 
theoretical  and  practical  prerequisites  fbr  the  debersimtid®  of  ih* 
eieciivnaotlve  forces  in  irreversible  oxi ca tion-rrdu ctior,  processes. 

Toe  reoox  potent!  al  ef  an  unknown  coapovzsi  my  be  detersirsed  by 
oetric  cospa ri s«?i  of  a  tavswn  compound  with  the  vmfesn®,  revensife'e 
cospound ,  The  fixture  of  the  oxidated  and  reduced  forss  of  reversible 
indicator  systems  verier  varied  ooFsaitiosrs  yields  a  series  of  resectional 
systeas  with  kj*d«5  ootsniiais.  an  uftkno*®  substance  in  tbs  sssmat 
equiBolecular  t»  the  issues  fers  is  -ufded.  «ft*r  a  fe*r  sirates  the 
sdjustasent  of  constant  potmliAis  is  observed.  They  indicate  the  »sv 
equilibria!  state  between  known  and  u&wv®  redox  system.  If  these 
values  are  represented  grsphi sally  in  relation  to  tbs  ccrrespoaiing 
lisdicator  potentials,  the  resulting  points  say  be  connected  by  a  straight 


iln*.  The  point  ofetsineo  by  extrapolation  to  0  -no its  oeriatioG  as  point 
of  intersection  of  the  line  Kith  the  ordinate,  indicates  the  redox 
potential  of  the  unknown  sabstanes,  Fig.  1  and  2  represent  this  type  of 
redo*  potential  deisreimtioe  for  safraain  at  pH  1.02  and  for  anthrachlam- 
di5alfo»at»*-^2.?)  at  pH  1.G2  ana  6.72, 

It  is  remarkable  how  closely  the  values  found  far  this  indirect 
method  agree  with  the  redox  potentials  determined  in  the  usual  saner 
(Table  1). 

T^BLS  1. 


pH 

Substance 

Soraai  potential  Korml  potential 
(ealxeasl-  (deterestned  in- 

electrode)  cireetiy) 

Tolte 

1.02 

/jjthracfeirwtn-disa  If  ora.  te~{  2.7) 

-0.073 

-0.077 

Safrardn 

-0.101 

-0.101 

6.72 

Antbrachloon-di  sulf emte~{  2.7) 

~O.A03 

-J.401 

Upon  eosbina tion  of  different  known,  reversible  redox  systeas  with 
the  irreversible  test  substance,  potential  charges  are  observed,  however, 
which  indicate  the  too*®  redos  systems  between  vfiieb,  the  irreversible 
oxidation-rwaietioa  reaction  is  to  be  incorporated.  J.3.  Octant  (5) 
coined  the  concept  of  "apparent  oxidation  potential  (AOP)*  or  "apparent 
reduction  potential  {aBP}*  for  potential  derived  by  this  soothed  — 
equating  it  for  practical  reasons  with  that  of  a  redox  system  that  la 
oxidated  or  reduced  rally  to  20-3G&  within  yO  nisstes. 

Departing  from  this  potential  concept,  L.F,  Fieser  (fc)  later  defined 
another  related  concept,  that  of  "critical  potential."  laics  of  reactica 
are  compared  in  the  deterzzioatioo  of  A0?  or  AH?.  Since  the  constants, 
for  example,  of  the  rate  of  dehydration  of  different  compounds  say  hrre 
different  values,  and  rxjrv-co  spare fei e  potentials  would  thus  os  measured, 
Fieser  searches  for  reference  redox  systems  which  produce  only  scull 
reactions  in  a  short  tine.  He  ©s&sares  potential  changes  caused  by 
different  systems  within  5  minutes .  3y  appropriate  exirapeJUtioa  he  then 
obtains  the  values  designated  c  critical  oxidation  potentials'3  (7). 

The  approximate  toil tion  of  the  reduction  soieniisl  of  tetraroliuc 
eoosounds  was  determined  by  ceass  of  different  stair,  indicators  for 
-purposes  of  eri  entail  on  (2).  A  das  is  obtximd  thereby  as  to  the 
indicator  substance  which  is  feasible  as  a  ecEssaraiive  system  in  potential 
ggs-surecsstt . 

If  the  a sasuressnt  of  redax  pctessti&l  Is  ccecfccted  with  She  aid  of 
tbs  electrocetri c  method,  the  process  is  the  following:  Systems  with 
different  potentials  are  produced  by  the  mixture  of  reduced  and  oxidated 
foras  of  reversible  indicators.  To  the  ELxbare  is  added  an  amount  of 


tetrasoliwa  sail  'the  a<“»ptor  substance)  e<jila>lecalar  to  the  reduced 
portj, csr,  of  xh*  Itkzi cater .  how,  if  the  adjusted  potssiial  of  the  indicator 
is  sore  negative  than  the  reaction  potential  of  the  acceptor,  the  fom»r 
&ay  be  -educed.  This  is  recognised  by  a  distinct  ootentiwl  variation, 
•oevis^re-j  with  p latinos  electrodes  against  a  ealcssai  electrode  according 
to  tse  principle  of  the  oosoensaticml  aetbod.  The  ssigrdtvde  of  the 
aeasared  ootenuai  change  depenss  on  the  existing  dlffermcs  between 
inoisator  potential  am  u<e  reduction  potential  ©f  acceptor  substance. 
The  progression  of  potential  change  in  relation  to  toe  tine  is  depicted 
in  rig.  5,  using  the  redaction  of  tripbaoyl  teiratoiius  chloride  as  an 
ejc&anle. 

Unstable  redox  system  perfors  siellariy.  Their  adjusting  es^ai- 
librius  is  constantly  <si 5  curbed  by  secocxi&ry  reactions.  Tne  values 
ewasurea  and  then  expressed  in  percent  of  iae  used  oxidising  agent,  were 
inserted  in  an  eagpirical  forcsila  by  Fieser.  lr.  this  ra finer  he  obtained 
so-called  values  of  psroentual  oxidation  which,  entered  against  the 
catching  indicator  potential  values,  were  located  on  a  lire.  Hcwsvsr, 
if  this  formula  is  used  in  conjunct! an  with  thw  tteasured  results  of 
tetraxoliun  salts,  no  satisfactory  presentation  can  be  achieved.  Here 
th®  entry  of  potential  changes  occurring  in  the  first  5  sinates,  in 
iogarithcic  units,  against  the  corre spooling  indicator  potential  values 
(in  no  real  units)  l*ad3  to  points  which  ray  be  connected  by  a  line  (Fig. 3). 

*n  extrapolation  to  0  dlli volts  potential  change  is  not  feasible . 

For  this  reason  a  potential  change  of  1  zdllivolt  within  the  first  5 
Kiissrtes  is  'Kcpirically  fixed  as  the  standard  rains.  The  definition  of 
this  value  at  1  sti  corresponds  best  to  the  ceasured  tolerance  attainable 
with  the  apparatus,  The  importance  of  the  sseasured  values  is  dus  to  the 
eircuastancs  that  they  persit  the  exact  cosspari  son  of  the  redox  potential 
of  different  substances  which  change  irreversibly  upon  reduction. 

Table  2  reflects  a  tabulation  of  redaction  potential  values 
established  for  the  various  telrasoliua  salts,  at  pe?  6.?2  the  potentials 
of  2.3.  triphenyl-,  2 . >-dlpb*nyl~$-«axbaxy-,  2.3-diph«jyl-><wthyl-, 

2 -phenyl - V ( p-oxy-ph-soy  1 ) -  and  2~pbe^l-3^p-car!»xy-p&enyl)-^~cethyi- 
tetrasoliaa  chloride  have  alsesi  exactly  the  sasas  sagnits&s.  2~-ph«Qrl<-3“ 
(o-carbaxy-pherjyl)- J-csethyl-  and  2-ph«nyl-3-C  o~carboxy_phenyl } -5~a-fcepiyl- 
tetracoliua  chloride,  on  the  other  hand,  are  far  sore  difficult  to  redsro. 
Their  reduction  potentials  are  sore  negative  by  about  110  nV.  These 
cospoursds  probably  axe  in  eolation  in  the  fora  of  sspfcoterl©  ions  (HI), 

It  say  be  as-sased,  therefore,  that  the  negative  charge  of  the  carboxyl 
group,  which  is  proxtsssi  to  the  positive  charge  of  the  tetrasol  ssicleus, 

'Its  sn  influence  00  tfes  rsdox  potential  (#). 
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2i  J3etersst*.ra ticn  of  tbs  reduction  potentials  of  «&ff«r«nt 
_ _  totrasoliua  salts. 


Acceptor  substance  Indicator  Adjusted  Charuca  pH  fiedaetlon  potential 

indicator  fw  (change  i  sV/0-5  nin; 

potential  G-5  sin  c&iosei  el .  el. 
ffi»  b¥  a¥  Volts 


kH'N'.C~) 


Indigo-tri-  ^3l_s 
sulfonate  310.  & 

319.5 

320.6 
328.8 

}  335.9 

340.1 
349.0 

a"  indigo— di-  336.7 
sulfonate  336.8 

364.1 

349.2 
350.0 

354.5 

354.6 
359.9 

_ 378.4 

Anthra«hix»o-  333.7 

d±  sulfonate-  >60.0 

(2.7) 


0^1 

6.23 
0.5 
0.5? 
0.93 

1.23 
2.63 
4.0 

1.06 

1.6 

2.3 

3.1 

3.3 

5.1 

6.1 
8.5 

30.0 


ai  .  f  '  Indigc-tri- 
^  I  v  >  cr  sulfonate 

C H \  ^  If 

\  .  £7  C0*7^ 


323.2  0.7  6.72 

335.8  1.9 

368.0  5.1  -328 


*0.083 


t'a)  iaiLjp~tsi.- 

fiOOC.C  \  *  cr  =alftosi* 

325.2 

33^.2 

0.7 

1.8 

6.72 

-330 

-O.CS3L 

C. 

■*£■  u  *  sulfcntle 

o.«c  1  cr 

NK’"’0 

322.9 
33?.  9 

346.9 

0.35 

0.7 

2.0 

6.72 

-338 

-0.039 

"  ,  . .  -  SEilfbnate 

Oil  <■  \  6 

322.? 
336.0 
348. 1 

Q.a 

0.8 

2.0 

A*r? 

-337 

-0.083 

-0.079 


*//-W.CVHr  ^thraeMnon- 

,  '  ,  «»lfcrate-{2) 

G*f>  ^  [  Ccof  cr 


ft.  C4.«<  saifaaate-<23 
Cj  Hfy'  .C  \  cj*  Safranin 

Nn.-a/.O 


432.3 

445.1 

459.7 

512.0 


0.15  6.72 

0.3 


458.1  0.25  6.72 


-0.213 


507.2  6.9 


«478 


-0.229 


In  tie  case  of  tri ''hepyi  *  e  era  soil  ca  chloride,  the  redact  ion  nst  ftitlal 
was  also  esta^-asheo  for  pH  5*69.  The  value  is  the  saae  as  tfert  for  pS 
6.72 .  Thus  the  re-iuct  ror  potential  in  the  tested  area  is  rat  dependent 
on  the  aciuity  of  the  solvent,  in  eoE&r&st  to  the  redox  potential  of 
nxiatrcna  snewn  stain  indicators. 

The  new  subsVin ce»  were  subjected  to  so  orientative  test  with  earn 
seeds,  with  the  cooperation  of  itr.  ?.  Hoevus .  So  stairlng  action  on  the 
riable  areas  of  the  gerstnai  layer  could  be  cfeserve-a  ir.  the  ease  of 
5~m thy i -2 -pnesy 1 ~ 3- { o— car boxy- rbery  1 ) - te  tr&so 11  on  chloride.  The 
corresponding  p-esrboxy  caspouna  produced  a  tenrorary  pink  toleration. 
heiimr  of  these  substances  is  suitable  as  an  indicator  of  biological 
material,  since  the  foruasans  produced  by  tK»e  rr?  ~iits  water  rrlubls  and 
thus  my  be  further  reduces  to  colorless  compounds  or  the  growing  germinal 
tissue  (the  s&ce  is  true  for  so-iiun  dithionite  solution  at  pa  ?).  7m 
situation  is  nore  faro ra hie  in  the  case  of  5-o-feeptyl-2-pr»e^yl-3>-{o“ 
car  ooxy- phenyl )~ietra*olis3  chloride;  the  resulting  fors&s&n  is  pearly 
soluble  in  water.  This  tetraxoli  tss  salt,  suspended  in  phosphate  buffer, 
produced  coiar&iions  of  the  gersdnal  layer,  but  these  were  consideraoly 
weaker  th*n  those  evoked  by  tri phenyl  tetraaoliea  chloride  and,  surpri¬ 
singly,  Halted  to  the  vegetation  points.  Tbs  seutellua  was  not  stained 
in  almost  every  case. 

The  present  investigation  shewed  that  the  reduction  potentials 
{deviation  1  aY/5  sin.)  of  tetrasoiiics  salts  say  be  determined  with 
precision.  Tetrasoliua  compounds  of  distinctly  differ-nttabso  redaction 
potentials  aajr  be  produced  by  appropriate  substitution.  Tbs  basis  is 
thereby  established  for  work  in  biological  investigations  under  aerobic 
conditions  in  the  range  of  -0.083  to  -0.233  volts  (Kj  electrode)  with 
indicators  of  calibrated  potentials,  th»  -1-suco  fonts*  e£  >diich  are 
stabile  in  atmospheric  oxfgm,  in  cor&rasi  to  leaeel&cto flavin,  indigo 
white  and  otnera. 

Descri pti&n  of  the  tests. 

The  apparatus  described  ty  1.  ahllen^els  and  s'.  Ksehle  (12)  in  the 
case  of  reoojc  potent*  a.1  measurements  is  used  for  t ha  deterssimtdon  of 
reduction  ootentials.  It  was  equipped  with  an  additional  accessory 
I,  2,  3.  4  (?ig.  h)  (13).  Tbs  electrcasetric  titration  is  carried  out  in 
an  electrode  vessel  >  eqs&pptd  nith  a  sssabsr  of  ground  faces  for  Use 
introduction  o t  electrodes,  g3s  stress.,  burette  and  agar  bridge  to  the 
calosasl  electrode.  ikss  of  the  ground  faces  is  occupied  by  a  dropping 
funnel  1,  eatable  of  holding  tv©  different  substances.  Toe  two  secticri 
are  closed  off  by  stopcocks  2  and  L.  The  thin  tubes  attached  thereto  <srs 
for  tfse  passage  of  a  gas  strsss.  The  nitrogen  gas,  passed  through  a  JESS 
receiver  and  incandescent  copper  filings,  enters  through  the  titration 
vessel  5  (siopeswk  3  is  closed),  through  the  slightly  o uers  stopcock  2 
into  the  lower  part  of  the  dropping  titrate!  1  and  per»eats3  the  fluid 
ecatsined  therein.  Stopcock  4  is  closed  and  fears  the  fluid  in  the  upper 
portico.  The  niirogso  atrsaa  say  also  reduce  the  fluid  located  in  th* 
upper  part  via  a  tube  wtdsh  is  inserted  in  the  side  of  the  vessel  and 
which  reaches  well  oelov  the  surface.  The  gas  stress  continues  through 
toe  gas  entry  connection  6  sad  s  eocseeting  hose  via  the  burette  ?  into 
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the  bubble  counter  and  pressure  receiver  8  or  througi  the  burette  and 
an  Erlenmayer  flask  9  Into  tha  open.  The  titration  vessel  5  is  enclosed 
by  a  water  sleeve  and  is  held  at  20°C  by  an  ultratheraostat. 

Process  of  measurement!  5  X  l©"6,  moles  indicator  substance  in  30  cc 
buffer  solution  (pH  6.72  and  5*89 >  Phosphate  buffer*  pH  1.02!  n/10  HC1) 
are  placed  in  the  titration  vessel  5  end  reduced  within  a  few  minutes  by 
hydrogen  after  addition  of  one  drop  of  l£  colloidal  Pd  solution.  After 
a  check  of  pH  by  means  of  a  Pt-Mohr  electrode  the  stream  of  hydrogen  is 
replaced  by  a  stream  of  nitrogen*  meticulously  freed  of  oxygen.  After 
the  hydrogen  has  been  displaced  from  the  apparatus  (10  minutes)*  the 
lower  portion  of  the  dropping  funnel  is  filled  with  10  cc  buffer  solution 
(stopcock  2  closed;  stopcock  3  open).  Stopcock  3  is  then  closed  and  stop¬ 
cock  2  slightly  opened.  Stopcock  4  is  now  closed  and  the  upper  portion 
of  the  dropping  funnel  is  filled  with  5  X  10“°  moles  tetrazolium  salt 
dissolved  in  10  cc  buffer  solution.  15  cc  of  the  solution  of  indicator 
substance  required  for  the  adjustment  of  the  desired  notential  is  placed 
in  vessel  9*  The  system  is  prepared  for  measurement  by  passage  for  1-2 
hours. 


The  indicator  solution  contained  in  the  flask  9  is  compressed  into 
the  burette  7*  A  previously  computed  potential  is  adjusted  by  dropwise 
addition  of  reduced  indicator  from  the  titration  vessel  5,  containing  the 
identical  quantity  in  all  tests.  Measurements  are  carried  out  by  means  of 
3  platinum  electrodes  against  a  calomel  electrode  according  to  the 
customary  compensation  method.  Headings  were  precise  within  0.2  mV* 
since  a  measuring  wire  50  cm  in  length  corresponded  to  100  mV  and  a 
sensitive  mirror  galvanometer  was  used  as  a  zero  instrument. 

First  the  buffer  solution  in  the  lower  funnel  apace  is  led  into  the 
titration  vessel  by  opening  stopcocks  2  and  3*  the  potential  deviation  is 
noted.  Generally  a  very  small  potential  is  obtained  (less  then  1  mV)* 
depending  on  the  indicator  used.  It  is  always  measured,  however*  as  a 
control.  After  1  minute  the  potential  value  becomes  constant;  measure¬ 
ment  is  continued  from  the  5th  to  the  10th  minute.  Now  the  contents  of 
the  upper  funnel  space  are  added.  The  constantly  flowing  gas  facilitates 
a  thorough  mixture  of  the  tetrazolium  salt  solution  with  the  indicator 
solution.  If  the  indicator  has  a  more  negative  potential  than  the  tetra¬ 
zolium  salt,  the  start  of  a  potential  deviation  may  be  observed  already 
after  &  minute.  Its  progression  is  measured  after  1*  3*  5  and  15  minutes. 
The  daU  depicted  in  Fig.  5  were  obtained  for  triphenyl  tetrazolium 
chloride. 

Fig.  3  shows  the  5  minute  values.  They  differ  from  the  measured 
data  by  the  subtraction  of  a  small  blank  value.  This  may  be  established 
in  the  case  of  potential  values  that  produce  a  straight  potential/time 
curve;  in  our  present  aggregate  of  curves*  by  extending  the  rectilinear 
curves  toward  time  0.  The  blank  value  is  obtained  at  the  intersection 
of  the  line  with  the  ordinate*  The  corrected  values*  entered  logarith¬ 
mically  in  relation  to  the  indicator  potential*  yield  a  straight  line; 
its  intersection  with  the  line  representing  1  mV  indicates  the  desired 
rediotion  potential. 
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Indicators:  The  redox  potential  of  the  utilized  indicators  was 
measured  and  the  progression  of  the  titration  curve  fixed  for  pH  6.72 , 
1.02  and  5*39  (Table  3).  It  served  as  reference  to  the  percentual  share 
of  oxidated  and  reduced  forms  for  each  indicator  potential. 

TABLE  3. 

Indicator  E  E  ^1  ^2 

pH  1.02  (n/10-Hcl)  calomel  elec.  norm.  H2  elec. 

_ Volt _ Volt  _ mV 

;inthrachinon-sulfonate-(2)(l4)  -0.118  /0.131  34.1 

Safranin  (15)  -0.101  /0.148  14.0 

Anthrachinon-disulfonate-(2.7)  -0.073  /0.1?6  14.6 

U4) 


pH  6.72  (m/10  phosphate  buffer) 


Safranin 

-0.513  -< 

.mthrachinon-sulfonate-(2) 

-0.445  -< 

Anth  rachinon-di sulfona  te-( 2 . 7 ) 

-0.403  -< 

Indigo  disulfonate  (15) 

-0.335  -< 

Indigo  tri sulfonate  (15) 

-0.303  -< 

pH  5.89  (m/10  phosphate  buffer) 


Anthrachinon-sulfonate-(2)  -0.397  (comp.)  >0.148 


The  data  obtained  from  these  curves  oust  agree  with  those  yielded  by 
tests.  This  guarantees  that  none  of  the  reduced  indicator  disappears 
during  the  passage  of  nitrogen  due  to  oxygen  traces,  and  that  the  added 
indicator  solution  is  also  completely  free  of  oxygen. 

The  reduction  potential  is  distinctly,  if  not  considerably,  dependent 
upon  the  concentrational  ratio  of  acceptor  to  indicator.  The  example 
shown  in  Table  4  (acceptor:  triphenyl  tetrazolium  chloridej  indicator: 
indigo  trisulfonate)  shows  this. 

Table  4. 

Ratio  Adjusted  indicator  potential  mV  of  change 

acceptor-indicator(*)  _ (calomel  eleo.J _ 0-5  min. 

2:1  -330.6  mV  0.7 

1:1  -329.8  mV  0.9 

i:l  -330.0  mV  1.3 

(*)  Amount  of  indicator:  5  X  10“^  mole. 


The  determination  of  the  redox  potential  of  compounds  vdth  re¬ 
versible  reactions:  The  same  course  may  be  taken  here  as  in  connection 
with  irreversible  systems.  However,  the  union  of  indicator  and  acceptor 
is  not  marked  by  a  reduction  reaction,  but  by  a  constant  potential  value, 
i.e.  the  adjustment  of  a  new  equilibrium.  Values  obtained  by  this  method 
are  contained  in  Fig.  1  and  2.  The  rectilinear  course  is  assured  only  if 
the  indicator  potential  and  the  redox  potential  to  be  found  are  not  more 
than  $0  mV  apart. 

C-methyl-N-phenyl-N ' -(p-carboxy-phenyl)-f orzzatan :  Was  obtained 
quantitatively  according  to  E.  Bamberger  and  0.  Billeter  (4,10)  in  the 
manner  described  from  the  phenyl-hydra  sine  of  acetaldehyde  and  the 
diazonium  compound  of  p-aud  no-benzoic  acid.  From  alcohol  brick-red, 
shiny  needles.  Melting  point  185°C  (Berl). 

C15H14O2N4  (282.1). 

Computed:  C  63.80  H  5*00  N  19.86. 

Found:  C  63.76,  63.94,  H  5.23,  $.32,  N  20.02,  19.96.  (Micro-Dumas). 

5-methyl-2-phenyl-3-(p-carboxy-phenyl)-tetrazolium  chloride:  5  g 
C-methyl-N-phenyl-N 1  -(p-carboxy-phenyl)-formazan  were  dehydrated  with  10  g 
lead  tetraacetate  in  CHClj.  After  mixing  with  methyl-alcoholic  hydro¬ 
chloric  acid,  the  desired  tetra solium  salt  was  obtained  in  good  yield. 
Crystals  from  methanol-acetic  add.  Melting  point  268°C  (Berl,  decomposi¬ 
tion). 


C15H13°2N4C1  (316.6). 

Computed:  C  56.86  H  4.13  N  17.70 

Found:  C  56.96,  56.72,  H  4.39,  4.28,  N  17.79,  17.87.  (Micro-Dumae) . 

C-methyl-N-phenyl-N ' -(o-carboxy-phenyl)-formasan:  The  forma san  was 
obtained  in  the  earns  manner  as  the  p-carboxy  compound  from  dissociated 
o-ami no benzoic  add  and  acetaldehyde  phenyl  hydrazine.  Crystallisation 
from  copious  aloohol.  Dark  red  needles.  Melting  point  200°C  (Berl).  * 

c15h14°2n4  (282.1). 

Computed:  C  63.80  H  5.00  N  19.86 

Found:  C  63.87,  63.76,  H  5.35,  5.30,  N  19.90  (Micro-Dumas). 

5 -me thyl-2-phenyl-3-(o-carboxy-phenyl) -tetra solium  chloride:  The 
dehydration  of  the  appropriate  formasan  with  lead  tetraacetate  led  to 
tetr&zolium  salt  in  a  smooth  reaction.  After  treatment  with  hydrochloric 
acid  and  repeated  precipitation  it  crystallized  from  alcohol-acetone  after 
addition  of  ether.  Melting  point  242°C  (Berl,  decomposition). 

C15H13°2N4C1  (316.6) 

Computed:  C  56.86  H  4.13  N  17*70 

Found:  C  56.83,  56.82,  H  4*96,  4.31,  N  17.72,  17.56  (Micro-Dumas) 

Equivalent  weight  315*1 


■u  .w'.aaMWWjitiii'.wii 


C-methyl-N-phenyl-N ' -(p-oxy-phenyl)-formaxan :  From  the  diasonium 
salt  of  p-ami no-phenol  and  acetaldehyde  phenyl  hydra sine.  Crystals  from 
alcohol.  Melting  point  148-149°C  (Berl). 

C14H140N4 

Computedi  0  66.11  H  5.55  N  22.05 

Found:  C  66.13*  66.39*  H  5-62,  5.89*  N  22.37  (Micro-Dumas)* 

5-methyl-2-phenyl-3-(p-03QT-phenyl)-tetrasolium  chloride:  From 
C-methyl-N-phenyl-N* -(p-oxy-phenyl)-formasan  by  dehydration  with  excessive 
lead  tetraacetate  in  acetic  acid.  Needles  from  methanol  ether,  -H wg 
point  261°C  (Berl). 

C14H130N4C1  (288*6) 

Computed:  C  58.21*  H  4.55*  N  19.42*  Cl  12.29. 

Found:  C  57.79,  H  4.80,  N  19.30,  Cl  12.27. 

C-n-heptyl-N-phenyl-N,-(o-carboxy-phenyl)-formasan:  From  22  g  of 
oxtylaldehyde  phenyl  hydrazine  and  13.8  g  of  the  diazonium  compound  of 
o -amino-benzoic  add.  Yield  20  g  of  crude  formasan.  Brick-red  needles 
from  alcohol.  Melting  point  162°C  (Berl). 

C2lH2602N4  (366.2). 

Computed:  C  68.81,  K  7.15,  N  15.30. 

Found:  C  68.99,  H  7.04,  N  14.91. 

5-n-heptyl-2-phenyl-3~(o-carboxy-phenyl)-tetrazolium  chloride:  5  g 
of  the  analytically  pure  formasan  described  above  were  dehydrated  with 
lead  tetraacetate  in  CHCI3.  3  g  of  crude  tetra solium  salt  were  obtained 
after  removal  of  the  lead  with  methyl-alcoholic  hydrochloric  acid. 
Purification  by  twofold  predpitation  from  alcohol  with  ether.  Crystals 
from  alcohol.  Melting  point  228-230°C  (Berl,  decomposition) . 

C21H25°2N4C1  (400.68). 

Computed:  C  62.89  H  6.29  N  13.98. 

Found:  C  62.64,  62.61,  H  6.56,  6.53*  N  13.96. 

NOTES. 

(1)  Comptes-rendus  de  1* Association  Internationale  d’Essais  de 
Sentences  1,  1  (1940);  Ber.  dtsch.  bot.  Oes.  57,  191  (1937);  60,  299*  434 
(1942).  —  (2)  a.  Kuhn  and  D.  Jerchel,  Ber.  74,  949  (1941).  —  (3)  *®s 
R.  Wurmeer  in  Handbuch  der  Ensymo logic  by  Nord-Weldenhagen,  Leipzig  1940, 
p.  298.  —  (4)  A.  Kuhn  and  D.  Jerchel,  Ber.  74,  941  (1941).  —  (5)  Chem, 
Reviews  3,  1  (1926).  —  (6)  Journ.  am.  Chem.  Soc.  52,  5204  (1930).  — — 

(7)  He  develops  his  method  Ibr  the  "eritioal  oxidation  potential11  of 
unstable  redox  systems.  —  (8)  Perhaps,  following  a  thought  of  R.  Kuhn, 
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{10}  H.  r.  Peehasuxs  and  ?,  ;-fcmse,  B*r,  27,  2920  (1S9A).  -  (11)  E.Saa&erscr 

an4  0,  BillsUr,  Bale.  this,  *ete  U,  231  (1931).  — -  (12)  Ber,  76,  933 

(1913).  -  (13)  s*fl  A.F.  Caasron,  Journ.  physic, Chea.  42,  1217  (1938).  - 
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* ^ T>*  1.  j  ssthrs^ 

eM.r»^saiifamte-(2} . 

1  - /  acceptor:  iutUsr^chinorjf-di- 

sylfonste-(2.7). 

.  - .  ,  acceptor:  safraair,, 

O  S5R!.  pot.Ct&Ioosi  els strode)  of 
anthr&sM  ao,:— 41  suOfom  i*~(  2.7) . 

2  nora.  psl . { ca kssal  electrode)  of 
safr&rds. 


fig.  2.  pH  6.72.  Indicator :  ar,thr»~ 
cMj»n-«saifomt*-(2) .  -icceptor: 
thrach  trsKwil  sulfons  te~{  2,7) . 

.  -  .  Imitator:  acceptor  =  1:1 

O  — q  Indicator:  acceptor  «  1:» . 
2  issaa.  pot. (cal ocel  electrode)  of 
aat&racalaoc~4i  5ulfor»te~{  2 . 7  5 . 
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Fig.  3.  DetfersiratAon  of  redaction  potential  (th& 
1  sV/O-5  sin. )  of  tripbeayl  tstrassolisa  chloride. 

.  — —  .  Ird}.  c&  ter :  Indigo  irisuifoimte . 

0  — — 0  Itsdi-sator :  iml go  disulfbsate. 

*bseiss®:  Isdlostor  potential  (caleaaai  electrode ) 
Ordi rates  s?  cfe&ag»/0-5  sin.  (iosaritfredc  issdts) 
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Fig.  5.  fa  6.72.  Progression  of  pateati&l  cfc&sges  bj  swms  of 
trtp&myl  tetri  soli  ust  chloride. 


Indicator: 

Indicator: 


Indigo  irlsulSamte, 
Indigo  diatilfoaa 
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